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Abstract: (216 words)

Rationale and objectives: The respective influence on the incidence of ventilator-associated
pneumonia of currently available systems used for warming and humidifying the gases delivered
to a mechanically ventilated patient, i.e., heated humidifiers and heat and moisture exchanger
filters, remain controversial. Methods: we addressed this question in a multicenter randomized
study comparing heated humidifiers (with heated circuits) and filters in an unselected population
of 369 intensive care patients receiving mechanical ventilation for more than 48 hours. Main
measurements and results: The diagnosis of pneumonia was confirmed using strict microbiologic
criteria. There was no difference in pneumonia rate between the two groups [53/184 (28.8%) vs.
47/185 (25.4%) for humidifiers vs. filters; p=0.48], or in the incidence density of pneumonia
[27.4/1000 ventilatory-days vs 25.3/1000 ventilatory-days for humidifiers vs. filters; p=0.76].
The mean duration of mechanical ventilation did not differ between the two groups [14.9 + 15.1
vs 13.5 + 16.3 days for humidifiers vs. filters, p=0.36]. Endotracheal tube occlusion occurred
respectively in 5 and 1 patients in the humidifier and filter groups (p=0.12). Intensive care
mortality was identical in the two groups (about 33%). Conclusion: these results suggest that both
heated humidifiers and heat and moisture exchanger filters can be used with no significant impact
on the incidence of ventilator-associated pneumonia and that other criteria may justify their

choice.
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Introduction:

Two systems are currently available for warming and humidifying the gases
delivered to a mechanically ventilated patient. Heated humidifiers (HH) comprise an
external source producing heat and water vapor from sterile water. Heat and moisture
exchangers combined with microbiological filter (HMEF), also called artificial noses,
work by passively retaining warmth and humidity leaving the trachea during

expiration and by recycling them during the next inspiration.

A controversy exists concerning the possible influence of these systems on the
incidence of ventilator-associated pneumonia (VAP) (1-4). A significant reduction of
pneumonia rate (6% versus 16%) using HMEF was found in a single-center study
conducted in multiple trauma patients (5). However, seven other studies found no
significant difference between the two systems with regard to VAP rates, although a
trend to a reduction of VAP was observed when using HMEF (6-12). A higher
colonization rate of ventilatory circuits has also been demonstrated with HH. Of note,
the only study using strict microbiological criteria for the diagnosis of pneumonia
found no difference in pneumonia rates (8). Most of the studies, however, were not
powered enough to adequately answer the question. The CDC guideline reported that
there was not enough evidence to conclude on the superiority of one system over the
other (4), and two more recent systematic reviews (3, 13) found that the evidence was
inconclusive, although one suggested HMEF might be preferred based on practicality
and cost considerations (13). A recent metaanalysis on this aspect suggested that a

decrease in VAP rate could exist with the use of filters (14).

Because both systems may be useful in specific clinical indications, we

designed a large multicentric randomized controlled study, to assess the impact of
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these two humidification and gas warming systems on the incidence of VAP in an
unselected population of ICU patients, using strict microbiological criteria based on
invasive respiratory secretions sampling to confirm the diagnosis of VAP. We used
the most recent generations of devices, both for HMEF, and for HH with heated
circuits, which, by reducing condensation, may also reduce circuit colonization. Some

of the results of this study have been previously reported in the form of an abstract
(15).

METHODS (503 words)

An extended method section is presented in the on-line repository.

Study Design

The study was conducted in five intensive care units located in two French

university-affiliated teaching hospitals.

During the study period, patients expected to require mechanical ventilation for
more than 48 hours were eligible to be randomly assigned to receive either a HMEF or
a HH. Patients already ventilated, patients having contraindications to the use of a
HMEF or of a HH, patients admitted after cardiac arrest, patients already enrolled in
clinical trial and patients with early decision of treatment withdrawal, were not

included.

Patients were randomized according to a computer-generated randomization

list, stratified by participating ICU.

The HMEF was the DAR-Hygrobac (DAR SpA, Mirandola, Italy) device. The
HH was the Fisher-Paykel MR 730 device (Fisher and Paykel Ltd, Auckland, New

Zealand), which includes wire-heated circuits.
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HMEF devices were changed at 48 hours interval as per the manufacturer’s
recommendation and the hospital’s infection control guidelines. The ventilator circuits
were not changed in any group of randomization during the duration of ventilation for
a given patient.

The protocol was approved by the ethics committee of the French Society of

Intensive Care Medicine (SRLF) and consent was waived.
Diagnosis of Ventilator-associated pneumonia (VAP)

Patients enrolled were screened daily for the occurrence of VAP. Pneumonia

diagnosed within 48 h of ventilation were not considered as ventilator-associated.

A clinical suspicion of VAP was based on the presence of a recent and
persistent infiltrate on chest X-ray and two of the following criteria: fever or
hypothermia, leucocytosis or leucopenia, and purulent tracheal secretions. The
diagnosis of VAP was confirmed using strict microbiological criteria based on
invasive respiratory secretions samplings cultured quantitatively, using protected
telescoping catheter or broncho-alveolar lavage, obtained before any change in
antibiotics administered (16-18). Microorganisms associated with VAP were

recorded.

Data collection and definitions

The following parameters were recorded prospectively for each patient: age,
sex, organ failure at admission, diagnostic category, Simplified Acute Physiology
Score II (19), major comorbidities, PaO2/FiO2 ratio and Logistic Organ Dysfunction
score (20) at initiation of mechanical ventilation. During ventilation, the following

data were recorded: maximal inspired oxygen fraction, positive end-expiratory



Humidification and pneumonia — Lacherade et al.

pressure (PEEP), duration of mechanical ventilation prior to pneumonia, total duration
of mechanical ventilation (until death or weaning), need for tracheostomy, duration of
ICU stay and outcome at ICU discharge. Other potential risk factors for VAP were

also recorded daily during the follow-up.

Outcome measures

The primary end-point was the comparison of the VAP rate between the two
groups of randomization. Secondary outcome variables included duration of
mechanical ventilation before the occurrence of VAP, ICU mortality rate, duration of
mechanical ventilation, duration of ICU stay, tracheostomy rate, and occurrence of

endotracheal tube occlusion.

Statistical Analysis

Comparisons between groups were done using Student’s t-test for continuous
variables and the chi-square statistic for categorical variables. A multivariate logistic
regression analysis was performed including VAP as the dependent variable, and
group of randomization and other pertinent variables which differed between the
groups (with p value below 0.20 in the univariate analysis) as potentially independent
variables. The time to occurrence of VAP was also analyzed by the Kaplan-Meier
method and tested with a log-rank test. (See additional details on methods in the

online data supplement).
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RESULTS
Patients’ characteristics
The trial was performed from February 2000 to June 2002.

During the study period, 1147 patients received mechanical ventilation in the five
participating ICUs. Among the 589 patients expected to receive mechanical
ventilation for more than 48 hours, 370 patients could be included, 186 in the HMEF
arm and 184 in the HH arm (see the repository, Figure E1). One patient in the HMEF
group was secondary excluded because of early decision to limit active therapy
including the lack of specific diagnostic procedure for pneumonia. The mean number

of included patients per center participating to the trial was 74 + 47.

Among the 370 patients, only 12 (3%) received mechanical ventilation for less

than 48 hours (9 in the HMEF group and 3 in the HH group; p=0.14).

Demographic data and markers of acute illness of the randomized patients are
shown in Table 1. The characteristics of the two groups were similar for most
variables. Patients assigned to HMEF group had slightly more often respiratory failure
as primary diagnosis than patients in the HH group (p = 0.06), and patients assigned to
HH had a slightly higher SAPS II score than those assigned to HMEF (p=0.06);
however, the Logistic Organ Dysfunction score did not differ between the 2 groups.

There was also more patients with HIV infection in the HH group than in the HMEF
group (p=0.001).

Twenty patients developed pneumonia within the first 48 hours of mechanical
ventilation (12 in HMEF group and 8 in HH group, p=0.49). These early pneumonia
episodes were not included in the VAP rate (see methods), but these patients were

retained in the analysis.
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Risk factors and incidence of VAP

The distribution of risk factors for VAP is shown in Table 2 and was
comparable between the two groups. These data were not available in 7.5% of patients
included in HMEF arm and in 4.4% of patients with HH. The rate of patients
receiving antiacids or H2 blockers and enteral feeding appeared similar in the two

groups.

The rate of reintubation was not statistically different between the two groups
despite a trend of higher rate with use of HH (12.9% in the HMEF group and 20.3% in
HH group, p=0.08). During the follow-up, 60% of patients required a transport out of
the ICU. The overall use of antibiotic therapy was similar in the two groups. About
20% of the patients had received an antibiotic treatment before the introduction of
mechanical ventilation, and 50% had an antibiotic therapy started the day of
introduction of ventilation. In addition, about 40% received a new antibiotic during

the follow-up (Table 2).

A clinical suspicion of pneumonia occurred in 74 (40%) and 77 (42%) patients
in the HMEF and HH group, respectively, and a similar number of samples (106 and
112) were obtained in each group. There was no difference in the type of sample
(bronchoscopic or non-bronchoscopic) obtained in each group (see the repository,
Table El). A total of 100 episodes of microbiologically confirmed VAP occurred
during the trial, 47 in the HMEF group and 53 in the HH group (p=0.48), yielding an
incidence rate of 25.3 and 27.4 episodes of VAP per 1000 ventilator days (p = 0.76),
respectively (table 3). The duration of mechanical ventilation before the occurrence of

VAP was similar in the two groups (8.0 £ 4.5 days in the HMEF group vs 8.9 £ 5.7 in
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